The purpose of the study was to assess the prognostic significance of out-of-the-office blood pressure (BP) measurement in older patients in general practice, and to compare the results for BP measured in the office, at home and during 24-h ambulatory monitoring. All registerd patients who were 60 years or older were eligible for the study, except when bedridden, demented or admitted in a home for sick elderly people, or when they had suffered a myocardial infarction or stroke. After baseline measurements in 1990-1993, incidence of major cardiovascular events (cardiovascular death, myocardial infarction and stroke) was ascertained in 2002-2003 and related to the BPs by use of multivariate Cox regression analysis. Age of the 391 patients averaged 7179 years; 40% were men. During median follow-up of 10.9 years, 86 patients (22%) suffered a cardiovascular event. The adjusted relative hazard rate, associated with a 1 s.d. increment in systolic BP was 1.13 for office BP (NS), and, respectively, 1.32, 1.33 and 1.42, for home, daytime and night time BP (Pp0.01 for all). Results were similar for diastolic BP. The prognostic significance of all out-of-the-office BPs was independent of office BP. The prognostic value of home BP was equal to (systolic) or even better (diastolic) than that of daytime BP. Night time BP predicted cardiovascular events independent of all other BPs. Prognosis of whitecoat hypertension was similar to that of true normotension, but better than in sustained hypertension. In conclusion, the prognostic value of home BP is better than that of office BP in older patients in primary care, and is at least equal to that of daytime ambulatory BP. The prognosis of patients with white-coat hypertension is similar to that of true normotensives.
Introduction
Most of the management of hypertension occurs in the primary care setting, in which decisions on antihypertensive treatment are mainly based on blood pressure (BP) measurements in the office. In the last decade, a number of studies have reported on the prognostic significance of out-of-the-office BP and showed that out-of-the-office BP has greater prognostic value than office or clinic BP. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] These studies have been perfomed in the population, 3, 5 in the elderly, 10 in hypertensive individuals in general, 1, 2, 4, 7, 11, 13, 15 in patients with isolated systolic hypertension, 8, 9 in hypertensives under treatment 12, 14 and in patients with refractory hypertension. 6 Out-of-the-office BP was assessed by ambulatory BP monitoring in all but two of these studies, in which home BP measurement was used. 5, 14 In addition, only one study addressed this issue in general practice. 14 The study population was restricted to treated elderly hypertensives and out-of-the-office BP was assessed by home BP measurements. There are currently no data on ambulatory BP monitoring and outcome in primary care. Furthermore, the prognostic value of BP measured in the office, at home and during ambulatory monitoring has not been directly compared in the same study population. In the late 1980s, we designed a study in which BP was measured in the office, in the patient's usual living situation at home and by ambulatory BP monitoring in older patients in one general practice. Our primary aim was to compare the prognostic significance of the three types of BP measurement in this setting. In addition, the data allowed us to compare the outcome of white-coat hypertensives with true normotensives recruited from the same population, whereas most studies except one 14 recruited hypertensives and normotensive controls from different populations. 2, 10, 13, 15 The importance of the issue is highlighted by the high prevalence of hypertension in older patients in the primary care setting, which amounted to 74% based on office BP measurement in 3761 patients in 253 general practices in Belgium. 17 
Materials and methods
The study protocol was approved by the institutional Ethics Committee and all participants gave informed consent. The study was performed in one primary care practice in Flanders, Belgium, in which 2044 patients were registered, of whom 462 were at least 60 years old. Patients were excluded from the current study when they were bedridden, demented, admitted in a home for sick elderly people or had suffered a myocardial infarction or a stroke. Baseline examinations were performed between November 1990 and May 1993. Patients were visited at home or contacted by telephone to explain the study protocol, which involved a visit to the office, a home visit and 24-h ambulatory BP monitoring. The office and home visits were performed within 2 weeks and in random order. The office visit consisted of a medical history, including medication and smoking habits, a standardized clinical examination and measurements of height, weight, heart rate and BP. After 5 min of rest, BP was measured three times in the sitting position by the auscultatory technique using a mercury sphygmomanometer and an appropriately sized cuff. BP was measured on the right arm, except when BP was lower by X10 mmHg on the right arm than on the left arm. Finally, a blood sample was taken for measurement of serum cholesterol. The same BP measurements were performed at the patient's home; the patient was informed on the date a few days before the visit. Office and home BPs were always measured by the same investigator, most often by the primary care physician, otherwise by one assistant physician. We used the average of the three sitting BPs for all analyses involving office and home BP. Finally, 24-h ambulatory BP monitoring was performed by use of the Spacelabs 90202 or 90207 device, with appropriate cuff size. BP was measured every 15 min from 0800 to 2200 h and every 30 min from 2200 to 0600 h. For the analysis, daytime BP was defined as the weighted average of all measurements between 1000 and 2000 h; night time was taken from 0000 to 0600 h. 18 We also divided the patients into four subgroups on the basis of office BP and daytime ambulatory BP. Office BP was considered normal when systolic BP was o140 mmHg and diastolic BP o90 mmHg; the cut off values for daytime ambulatory BP were 135 and 85 mmHg, respectively. 19 True normotension was defined as a normal office and ambulatory BP, and sustained hypertension corresponded to an elevated office and ambulatory BP. White-coat hypertension and masked hypertension were defined as isolated office and isolated ambulatory hypertension, respectively.
Follow-up
The vital and health status of the patients was ascertained between January 2002 and December 2003. The aggregate of stroke, myocardial infarction and cardiovascular death was the primary end point of the current study. All events were corroborated by the investigators according to established criteria 20 and without knowledge of the baseline data.
Statistical analysis
Database management and statistical analyses were performed using SAS software, version 6.12 (SAS Institute Inc.). Data are reported as mean7standard deviation (s.d.) or as percentages. BP measurements in different conditions were compared by use of paired t-tests and relationships between BPs by univariate regression analysis. Differences among groups were analysed by analysis of variance and Scheffe's multiple means test. The w 2 -test was used for categorical data. We used Cox regression analysis to assess the prognostic significance of baseline characteristics and of the various BPs. For BP, the relative hazard rates (RHR) represent the risk associated with a 1 s.d. increment in BP. In multivariate Cox regression analysis, we adjusted for age, gender, body mass index (BMI), use of BP-lowering drugs, smoking, serum total cholesterol and diabetes at baseline. To assess whether the effect was independent from other BP measurements, we performed additional consecutive adjustments for the other BPs. We also assessed the prognostic significance of white-coat hypertension, masked hypertension and sustained hypertension in comparison with true normotension. A two-tailed value of Pp0.05 was considered significant.
Results

Patients
Of the 462 patients, 42 patients (9.1%) were not eligible because they were bedridden (n ¼ 3), demented (n ¼ 2), admitted in a home for sick elderly people (n ¼ 7), or had suffered a myocardial infarction (n ¼ 16), a stroke (n ¼ 12) or both (n ¼ 2) at entry.
Since the main aim of the study was to compare the prognostic value of different BP measurements, only patients in whom at least two types of BP measurement were available were retained for the analyses. On this basis we excluded 20 of the 420 patients (4.8%) because only one type of BP was available, mainly due to lack of collaboration or to failed BP measurements. Finally, nine of the 400 remaining patients (2.2%) were lost to follow-up. Table 1 summarizes the general characteristics of the 391 remaining patients. The oldest patient was 99 years old. Women were on average 3.0 years older than men (Po0.001). All systolic BPs were significantly different from one another (Po0.001), except office and home BP (P ¼ 0.54). The paired differences for diastolic BP were significant (Po0.01), except for the comparison of office and daytime BP (P ¼ 0.20). The regression equations and coefficients of determination of the relationships between office, home, daytime and night time BP are given in Table 2 . All systolic BPs increased significantly with age ( þ 0.12prp þ 0.25; Pp0.05). Office, home and daytime diastolic BP decreased with age (À0.13prpÀ0.24; Pp0.01), but this was not the case for night time BP (P ¼ 0.65). The night-day ratio of systolic (r ¼ þ 0.31; Po0.001) and of diastolic BP (r ¼ þ 0.21; Po0.001) was higher in older than in younger subjects. Out-of-the-office blood pressure and prognosis RH Fagard et al As shown in Table 1 , patients under antihypertensive treatment were older, comprised more women than men, and had higher BMI and systolic BP than the untreated patients.
Patient characteristics at baseline
Office hypertension, defined as sitting systolic BPX140 mmHg or diastolic BPX90 mmHg or taking antihypertensive drugs, was present in 62% of the patients, of whom 54% were on antihypertensive therapy. Finally, Table 3 summarizes baseline characteristics in the four subgroups according to office BP and daytime ambulatory BP, irrespective of antihypertensive treatment.
Follow-up
Median follow-up after the baseline examinations was 10.9 (range: 0.04-13.0) years and total follow-up amounted to 3378 patient-years. Overall, 165 patients died, 69 from a cardiovascular cause and 92 from a noncardiovascular cause; the cause of death could not be identified in four cases. Noncardiovascular causes of death included cancer (n ¼ 33), internal diseases (n ¼ 52) and peri-operative death (n ¼ 7). The primary end point comprised 86 first cardiovascular events. Among the 31 first nonfatal events, there were 13 strokes and 18 myocardial infarctions. The first event was cardiovascular death in 55 patients (stroke: 11; myocardial infarction: five; sudden death: 18; congestive heart failure: 17; peripheral vascular disease: two; cardiac surgery: one; and pulmonary embolism: one). Table 1 gives the crude RHRs for the primary endpoint for patient characteristics and BP. Age, diabetes mellitus and all systolic BPs were highly significant predictors in univariate analysis. Table 4 gives the adjusted RHRs for the various systolic and diastolic BPs. All BPs independently predicted cardiovascular events, except office BP. Among the covariates, only age, gender and diabetes at baseline were significant in the multivariate Cox models. The risk of a cardiovascular event increased by B15% per 1 year increment in age (Po0.001), was B3 times higher in men than in women (Pp0.01), and B2 times greater in diabetics than in nondiabetics (0.01oPo0.10). Table 5 summarizes the RHRs after additional consecutive adjustment for other BP measurements. Home BP, and daytime and night time ambulatory BP predicted cardiovascular events, independent Out-of-the-office blood pressure and prognosis RH Fagard et al of office BP. Diastolic but not systolic home BP added prognostic precision to daytime and night time ambulatory BP. Finally, the predictive value of night time BP was independent of all other BP measurements.
Whereas the night-day ratio of systolic and diastolic BP predicted cardiovascular events before adjustment (Table 1) , the RHR was only significant for systolic BP after adjustment (RHR for þ 1 s.d.: 1.24; 95% CI, 1.01-1.50; Po0.05). However, the RHR was no longer significant (P ¼ 0.16) after additional adjustment for mean 24-h BP. Figure 1 shows the RHRs for the different types of hypertension vs subjects with normal BP. In the analysis on all patients, with adjustment for covariates including antihypertensive treatment, the risk for cardiovascular events was similar in white-coat hypertension and true normotension (P ¼ 0.85). The risk of sustained hypertension was 2.54 times greater than that of normotension (P ¼ 0.005) and 2.16 times greater than in white-coat hypertensives (95% CI, 1.16-4.01; P ¼ 0.01). Results were similar in untreated subjects. The risk ratio of B1.5 of masked hypertension vs normotension did not reach statistical significance.
Discussion
The major findings of the present study are (1) that the superiority of out-of-the-office BP over office BP for the prediction of cardiovascular events also applies to older patients in general practice; (2) that the prognostic value of BP measured in the patient's home is at least equal to that of daytime ambulatory BP; (3) that night time BP is a better predictor of cardiovascular events than daytime BP; (4) that the outcome of white-coat hypertensives is similar to that of normotensives; and (5) that the prognosis of sustained hypertension is worse than that of normotension and white-coat hypertension.
The observation that the BP measured by the family physician in the office was not independently Figure 1 Relative hazard rates (RHR) for cardiovascular events, and 95% confidence intervals (95% CI) of white-coat hypertension (WCHT), masked hypertension (MHT) and sustained hypertension (SHT) vs normotension (NT), in all patients (K) and in untreated patients (J), with adjustment for age, gender, BMI, smoking, serum total cholesterol, diabetes at baseline in all analyses, and antihypertensive treatment in the analyses on all patients. Results are for 359 patients in whom both office BP and daytime ambulatory BP were available. Ne: number of events; Np: number of patients.
predictive for future cardiovascular events, whereas the BP measured by the same investigator in the patient's usual living situation by the same methodology was predictive, suggests that the person who measured the BP and the number of measurements were of less importance than the circumstances of the measurement to explain the difference in prognostic power between home and office BP. Average diastolic BP was significantly lower at home than in the office. However, systolic BP was similar in the two conditions, suggesting that the visit to the office influenced BP to variable extents in individual patients with consequent loss of predictive power. The fact that office BP did not predict the incidence of cardiovascular events after control for a number of covariates is compatible with most reports on out-of-the-office BP 3, 5, 7, 11, 14 with few exceptions. 12 The significant prognostic value of home BP in elderly patients registered in primary care extends the findings of Ohkubo et al 5 and of Bobrie et al.
14 These authors observed in a Japanese rural population 5 and in treated elderly hypertensives in general practice in France, 14 that selfmeasured home BP, by use of an automated device, significantly predicted cardiovascular mortality and/or morbidity, independent of a number of confounders and screening 5 or office 14 BP, which were not significant predictors by themselves. The present study confirms in the primary care setting that ambulatory BP is a better predictor of cardiovascular events than office BP. [1] [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] [13] However, the prognostic value of BP measured by the physician during one home visit was at least similar to that of daytime ambulatory BP.
We also considered the prognostic significance of various types of hypertension. The classification was based on office BP and daytime ambulatory BP, for which normal values have been established. 19 The results confirm that patients with hypertension in the office and out-of-the office have a greater incidence of cardiovascular events than true normotensives and/or white-coat hypertensives. 2, 4, 6, [9] [10] [11] 14 It is, however, less well known if the prognosis of white-coat hypertensives differs from that of true normotensives, in which the selection of the study populations in previous studies has to be taken into account. Studies that recruited white-coat hypertensives and normotensives from different populations found that the incidence of cardiovascular events or stroke was similar in these two groups, 2, 10, 15 or that the risk was higher in white-coat hypertension. 13 In our study and in that of Bobrie et al, 14 normotensives and hypertensives were drawn from the same study population and both studies concluded that prognosis was similar in the two groups. Only a small number of our patients had a normal office BP and an elevated ambulatory BP, and the contention that patients with so-called masked hypertension have a worse prognosis than normotensive subjects 14, 21 cannot be confirmed nor refuted in the current study.
Studies that reported on daytime and night time BP separately found that both BPs carried significant prognostic information. 3, 7, 8, 12 Staessen et al 8 directly compared the prognostic value of the two BPs and found that night time BP was a better predictor than daytime BP in older patients with isolated systolic hypertension. We confirmed this finding in an elderly population in primary care. Results on the nocturnal fall of BP or on the night-day ratio are not consistent. Some studies observed a significantly better prognosis in patients with a greater decline in night time BP 2, 8, 22 but this was not confirmed by others. 12, 23, 24 We found that a lower night-day ratio of systolic BP was indeed associated with a lower incidence of cardiovascular events, but this was no longer significant after additional adjustment for the average 24-h BP.
Several limitations have to be considered. In the current study, home BP was the BP measured by the investigator in the patient's home, whereas other studies on the prognostic significance of home BP reported on self-measured BP by use of an automated device. 5, 14 Office BP was the average of three BPs during one visit, whereas guidelines recommend BP measurements at several visits, at least for the initial patient evaulation. 25 In addition, Bovet et al 26 showed that triplicate readings on two visits could be a minimal strategy for assessing adequately the prevalence of hypertension at the population level. However, it is not certain if the results of population studies apply to the primary care situation of our study, in which registered patients were familiar with the physician, the technique and the circumstances of the BP measurement. Moreover, also home BP consisted of three BP measurements during one single visit, and did predict the incidence of cardiovascular events. A number of patients were on antihypertensive treatment at baseline but it is unlikely that this influenced the results. 'Use of BP-lowering drugs' was included as a covariate in the analyses, but never reached statistical significance in the multivariate models, and separate analyses in untreated patients yielded
What is known on this topic and what this study adds
What is known on this topic Out-of-the-office BP had greater prognostic value than office BP in different populations, but there are few data in the primary care setting. Whereas most studies used ambulatory BP monitoring only two studies used BP measurements in the patient's home. Prognosis of white-coat hypertension is worse than that of sustained hypertension, but it is not well known if prognosis differs from that of true normotensives.
What this study adds Both ambulatory BP and home BP have greater prognostic value than office BP in older patients registered in general practice. The prognostic value of BP measured in the patients' home is at least equal to that of ambulatory BP. The outcome of white-coat hypertensives is similar to that of true normotensives. similar results. In fact, the prognostic significance of the out-of-the-office BP has not only been shown in untreated subjects but also in hypertensive patients under treatment. 6, 12, 14 Finally, as in the other studies except in one controlled trial, 8, 9 the management of hypertension and other clinical conditions was not standardized during follow-up. A number of patients were institutionalized, treated in other general practices or moved out of the area, and some were unavailable for follow-up.
